INTRODUCTION
The crisis of traditional energy exhaustion is the main driving force to develop new energy resources, solar energy is favored by many scholars with its wide coverage, no pollution and low cost. However, the MPPT technology is the guarantee of efficient use of solar energy. But some solar cells are blocked by clouds, obstacles, surface solid particle, and become a load in the actual work environment, the surface of solar cell will be heated to form a "light spot effect". Parallel bypass diode at both ends of a number of tandem solar cells to solve this phenomenon. However, the output characteristic curve will be changed. At this point, the P-U curve of the PV array exhibits multiple peaks, and traditional MPPT algorithm (such as admittance increment method and perturbation method, etc.) may find the local optimal solution [1] . So, it is very important to study a MPPT method under partially shaded conditions. Particle swarm optimization algorithm is adopted in the literature [2] , but initial particle will be randomly distributed in the search space, and it is not targeted, or easy to fall into local optimal solution. Particle swarm optimization algorithm is also adopted in the literature [3] , but its objective function is established in the case of fixed partially shaded conditions, and the practical application is not strong. Literature [4] uses support vector machine algorithm, but it is not really extended to the array model in the dynamic configuration conditions, and just stay in a simple model of the PV array or simulation test phase. Literature [5] uses the Monte Carlo algorithm, it needs to store and calculate a large number of random points, it will cause a large space occupied, and the calculation speed is slow. Literature [6] uses Fibonacci sequence algorithm, the method can adapt to various partially shaded conditions, but the process is slow, and it is easy to fall into local optimal solution.
The GSO algorithm will be applied to the partially shaded MPPT in this paper. At first, based on the original algorithm, the initial distribution of population is improved, and the search speed is accelerated, then, according to the optimization process of the algorithm, the global maximum power point is found. Compared with the traditional algorithm, the new algorithm can better adapt to the multiple peaks conditions. The simulation results show that the algorithm has high convergence precision and fast searching speed.
ANALYSIS OF CHARACTERISTIC CURVE
According to the description of Literature [7] and [8] , in the Matlab/Simulink, construct the simulation model of solar cells under partially shaded conditions, on the basis of this, the model of PV array is extended to 3×3. The parallel sub series are Ai, Bi, Ci (i=1, 2, 3).
Simulation using BP 4158 solar cell nominal parameters of BP Solar company, ABSTRACT: When the PV array under partially shaded conditions, the change of output curve is larger than uniform solar irradiance, the P-U characteristic curve exhibits multiple peaks. Therefore, the traditional maximum power tracking method may fail. At the problem of multiple peaks, the improved GSO algorithm is applied to the maximum power tracking of PV array under partially shaded conditions in this paper. Simulation results indicate that the improved GSO algorithm can quickly and accurately track the maximum power point and ensure the efficient use of power. And compared with the particle swarm optimization algorithm, the superiority of this method is obtained. Fig. 1 is the power output characteristic curve for two kinds of partially shaded conditions. It can be seen that the partially shaded condition 1, the global maximum power point is located at the second extreme points, as a result of the overall light intensity is larger, so the output power is also larger; The global maximum power point is located at third points in the partially shaded condition 2, and the output power is small due to the smaller overall light intensity. However, there are many peak points, and there is only one global maximum power point. The output characteristic curve of PV array is more complicated in the case of partially shaded conditions, and the main performance is the multi extreme value of the power point. But through simulation and research, it is found that the distribution of the power extreme points is not chaotic, but is related to the series and parallel mode of the PV array under partially shaded conditions. The P-U characteristic curve of different array structure is shown in Fig. 2 .
Using m n × to show the size of the PV array, m represents the number of series connection solar cells in a sub string, n represents the number of parallel sub strings, The experimental environment is partially shaded conditions. The P-U characteristic curve exhibits two extreme points, a global maximum power point in the 2 2 × PV array; The P-U characteristic curve also exhibits two extreme points, a global maximum power point in the 2 3 × PV array; The P-U characteristic curve exhibits three extreme points, a global maximum power point in the 3 3 × PV array. It is the conclusion that number and location of extreme points are related to the series and parallel mode of the PV array under partially shaded conditions. Through the analysis of the value of the voltage at the extreme points, the position of the extreme points is approximately in
V is array open circuit voltage. This conclusion is helpful to the initialization of the GSO algorithm. Usually the algorithm for the initial population of the location is evenly distributed, and take an empirical judgment on the quantity of the population. By judging the number and position of the extreme points of the power, the number of the population can be reduced effectively, and the position of the population is initialized, which improves the efficiency of the algorithm.
APPLICATION OF GSO IN MPPT
Glowworm swarm optimization (GSO) algorithm [9, 10] is a bionic swarm intelligence optimization algorithm inspired by a foraging activity from glowworm swarm, at present, it has been applied in many engineering field. The GSO algorithm for multi peaks MPPT optimization is constructed by the following four steps:
Glowworm swarm position initialization phase

Using 3 3
× of the PV array, at this point there should be three power extreme points, distribution of three glowworm in the neighborhood of each extreme point, the region where the glowworm is
 ,m=1,2,3;n=1, 2,3.Excessive number of glowworm will lead to slow convergence, and a small amount of the glowworm will affect the accuracy of the algorithm, so select the appropriate number of glowworm is very important.
Glowworm swarm fluorescein update phase
The fluorescein value of each glowworm in the glowworm swarm is related to the objective function value of its location. Fluorescein update formula is
Where ( ) i l t is the fluorescent value of the glowworm in the t times; ρ and γ represent the evaporation coefficient and enhancement coefficient of the fluorescence value; ( ) i u t represents the location of the glowworm in the t times;
 represents the target function value of the glowworm i in the t times.
Glowworm swarm location update phase
According to the roulette algorithm, each of glowworm chooses to move in the neighborhood. The probability formula for glowworm movement 
d is glowworm moving step.
Glowworm swarm decision domain radius update phase
The number of neighbor glowworm determines the size of the decision domain radius. Update formula of glowworm swarm decision domain radius is The MPPT control system is shown in Fig. 3 .In the problem of MPPT, the full search range of GSO algorithm is
, the global maximum power point is U is the voltage at both ends of the battery. The current PV array voltage and power value, that is, the location of the glowworm and the fitness value, as the initial value of the next update, into the GSO algorithm controller; Until the termination condition is reached, the optimal position of the glowworm is set to the working voltage of the PV array at this time. The formula for the termination conditions are (7) and (8) formula satisfies one of these to achieve termination conditions.
SIMULATION ANALYSIS
Simulation initialization conditions
The simulation model of PV array is adopted in 3×3. The simulation parameters of boost circuit are
The simulation environment is set to the following three kinds of situations: uniform solar, partially shaded 1, partially shaded 2. The working parameters of partially shaded 1 and partially shaded 2 have been given, under the condition of uniform illumination, the light intensity of each solar cell is 2 800 / W m .
Partially shaded simulation
The partially shaded 1 and partially shaded 2 are simulated and compared with the particle swarm optimization (PSO) algorithm.
Situation of the partially shaded 1, the change of the output power is shown in Fig. 4 . The actual maximum power value is 283.920W. GSO algorithm is updated to meet the termination condition for the 13 times. At this time with 1.0 second, the global maximum power value of the algorithm is 283.918W, and the difference of the actual maximum power is 0.002W, and the convergence rate is 99.9%; PSO algorithm is updated to meet the termination condition for the 28 times. At this time with 2.4 seconds, the global maximum power value of the algorithm is 281.19W, and the difference of the actual maximum power is 2.73W, and the convergence rate is 99.04%. Situation of the partially shaded 2, the change of the output power is shown in Fig. 5 . The actual maximum power value is 222.08W. GSO algorithm is updated to meet the termination condition for the 22 times. At this time with 1.6 seconds, the global maximum power value of the algorithm is 222.06W, and the difference of the actual maximum power is 0.02W, and the convergence rate is 99.9%; PSO algorithm is updated to meet the termination condition for the 35 times. At this time with 3.4 seconds, the global maximum power value of the algorithm is 220.46W, and the difference of the actual maximum power is 1.62W, and the convergence rate is 99.72%.
Situation of the partially shaded 2, global maximum power point is located in the three extreme points. Because of the farther distance between the glowworm in the GSO algorithm, therefore, the convergence rate is relatively slow compared with the partially shaded 1, but eventually it also can trace the global maximum power point. From the simulation, it ' s clearly that GSO algorithm can accurately and quickly track the global maximum power point in all kinds of partially shaded environment, and has higher convergence rate and faster searching speed compared with the PSO algorithm.
CONCLUSION
In this paper, the distribution of multiple extreme points of P-U output characteristic curve is analyzed based on the simulation model of partially shaded PV array, and it is applied to the initialization of GSO algorithm, which can find the global maximum power point more effectively. The following conclusions can be obtained from the simulation results: GSO algorithm can be better applied to the MPPT of partially shaded conditions; Compared with the PSO algorithm, GSO algorithm has a greater advantage in the MPPT of partially shaded conditions. 6 ACKNOWLEDGMENT
